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* Number Representation

= Error Propagation Rules

= Effects of Error Propagation
= Forward Error Analysis

= Example
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= Correct Value: x
= Represented Value: x’

= Absolute Error AX = ‘X’ — X‘
| Ax X=X
= Relative Error &, = W — ‘X‘
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n, N,
4 A Y4 A A\
1001 1010010
n=n,+n,
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m

A

1IO1001O

X = J_r(1+ 2 +oa,27 +...+am2‘m)x 2/
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Addition Multiplication

X=a+Db X=axDb
Fixed Point AX =0 AX = 2™ -1

a b
a +gb
a+b a+b

Floating Point Ey =& E, =&, &,
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Cancelation: 1.01 -1.00 = 0.01

Expected error after N operations:

™ =N -¢
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» |dea: What happens to the result if an intermediate
value changes a little?

y = o(x) y'=y+Ay=y+Dgp(X)-Ax

X—1 @ r—— .. — N [——y ( )
O.x 1 90\;)

’ 21160(771) o1, K

O...O(D > g -

Condition
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Calculation of a?-b? Calculation of (a+b)(a-b)
a b a b
n,:=a*a ; ; ni:=a+b i><
n,:=b*b \[;]/ n,:=a-b \[;]/
y:=n;—n; y y:=n; N, ¥

a=1.51, b =1.50, precision: 3 digits
exact: 3,01 -10-2

N, :=1.51*151=228 N, = 1,51+ 1,50 = 3,01
N, := 1.50 * 1.50 = 2,25 N, :=1,51-1,50 = 0,01
y 1= 2,28-2,25 = 3,00 -10°2 y :=3,01*0,01 = 3,01 -10°2
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Calculation of a?-b? Calculation of (a+b)(a-b)
- - _ _
a a+b
1) _ 1) _
a,b)= a,b)=
o (a,b) e o (a,b) ab
(”(2)(771’772):771_772 ¢(2)(771’772):771'772

&=2a¢g,—2bg, + azgn1 — bzgﬂ2 + (a2 —bz)gy &=2a¢g, —2bg, + (a2 — bzxg,71 +e, + 5y)
g =2ag, —2be, + (a2 - bz)ey

_ a2 K2 . 2_ 2
g_agfh bg’?z 8—(a b Xgﬂl-l_g’?z)
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* Number Representation in Floating Point and Fixed
Point

= Error Propagation Rules

= Forward Error Analysis Y“
= Application Example

» Josef Stoer: ,Numerische Mathematik 1%, Springer,
Berlin, 1971 (In German)
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